Abstract − This study aimed to confirm the effect of molecular weight (MW) in solid dispersion of carvedilol with polyvinylpyrrolidone (PVP) of various MW. Solid dispersion of carvedilol with PVP was prepared by spray-drying method. Scanning electron microscopy (SEM) was used to analyze the surface of solid dispersion samples. Differential scanning calorimetry (DSC) and X-ray diffraction (XRD) were used to analyze the crystalline of solid dispersion. Fourier transform infrared spectroscopy (FT-IR) was used to analyze the change of chemical structure characteristic of solid dispersion. DSC and XRD show that drug crystalline was changed. FT-IR revealed that chemical structure of solid dispersion comparing the chemical structure of drug was changed. The dissolution studies of solid dispersion presented at simulated gastric juice (pH 1.2). The dissolution rate of solid dispersion was dramatically enhanced than pure drug and the MW of PVP has an effect on the release property of carvedilol in solid dispersion. In conclusion, the present study has confirmed the effect of MW of PVP on release property of solid dispersion formulation of carvedilol with PVP.
Carvedilol (1-(9H-carbazol-4-yloxy)-3-[[2-(2-methoxy-phenoxy)ethyl]amino] -2-propanol)
is a novel, multiple-action cardiovascular drug that is currently approved not only for the treatment of hypertension but also treat the chronic stable angina in many countries. Carvedilol (Figure 1 -a) has reduced peripheral resistance and maintaines peripheral blood flow and renal blood rate gave an excellent level of blood pressure lowering produced by carvedilol, results from beta-alrenoceptor blockade, vasodilation and alpha 1-adrenoceptor blockade (Robert et al., 1992; Tanwar et al., 2007; Dunn et al., 1997) . Carvedilol was a poor water-soluble oral antihypertensive agent with some problems of variable bioavailability and bioinequivalence which was related to its poor water-solubility. It has available as tablets for oral administration and has 25~30% of bioavailability, 6~10 hours of biological half-life and excretion through 16% of urine and 60% of digestive tract after metabolic reaction in the liver. It reaches its highest plasma level within 1.47 hours after dosage (Loftsson et al., 2008) . However, the solubility of carvedilol in aqueous solutions with pH range from 1 to 4 was limited due to its protonation.
It is desirable to improve the solubility of insoluble drugs and the methods such as decreasing the particle size to increase the surface area, adding surfactant and using co-solvent to increase the solubility have been widely used. Self emulsifying, self micro emulsifying and the reduction of crystalline using hydrophilic polymers can also enhance the solubility of carvedilol efficiently. The most promising method for promoting dissolution might be the formation of solid dispersion (SD) in a proper carrier. Recently, the incorporation of drug into water-soluble polymer has been reported to result in an amorphous solid form with ease process and the dissolution of drug leading to improve its bioavailability (Ahn et al., 2004; Cao et al., 2003; Park et al., 2010) .
SDs were generally prepared by either solvent method and the drug and carrier were dissolved in a solvent followed by removal or by co-melting method. The drug-carrier mixtures were prepared by co-melting or cooling methods. The SD system where drug molecules are dispersed in the carrier such as PVP or PEG is an alternative useful method. The techniques for the enhancing dissolution rate of SDs have been proposed. Drugs molecularly dispersed in polymeric carriers can provided reduction of particle size and increased the surface area. The techniques focused on the change their crystalline form to the amorphous form. However, the drug solubility may be increased by surrounding hydrophilic carriers. Because of the low dissolution rate of carvedilol, the techniques have been applied to improve the proper oral administration and enhance the drug release rate Khang et al., 2001; Cho J. Pharm. Invest., Vol. 41, No. 3 (2011 . Hydrophilic polymers such as hydroxypropylcellulose (HPC), hydroxypropylmethylcellulose (HPMC), polyvinylpyrrolidone (PVP) and cellulose acetate have been widely investigated for SDs. PVP (Figure 1-b) is amongst the most frequently investigated hydrophilic polymeric carriers. It has been proposed that the extent of interaction with various organic molecular in solvent is related to crystalline suppression. (Jeong et al., 2002; Jeong et al., 2000) . Molecules of PVP have arranged of 2,500~3,000,000 g/mole (Waling, 1994) and it had been reported that the dissolution rate of SD could be improve the hydrophilic property of PVP. The PVP polymer chain length according to the molecular weight has been reported that it affects solubility of drugs in the SD. Thus, we studied controlled drug release behavior using PVP which has various K value.
The aim of this study, we would observe the release behavior of carvedilol in pH 1.2. The SD prepared with the varying molecular weight of PVP by spray-drying method. The surface of SD particles was analyzed by scanning electron microscope (SEM). The crystallinity of carvedilol was confirmed by differential scanning calorimetry (DSC) and X-ray powder diffraction (XRD). Chemical combination of both carvedilol and PVP was characterized by Fourier transform infrared spectroscopy (FT-IR). The effects of molecular weight of PVP on its dissolution properties were investigated.
Materials and Methods

Materials
Carvedilol (Aurobindo Pharma Limited, Andhra Pradesh, India) was used by the model drug in this study. Carrier using a preparation of SD was PVP (BASF, Ludwigshafen, Rheinland-Pfalz, Germany) obtained from BASF. All other materials and reagents were of HPLC grade and used as received without further purification.
Preparation of solid dispersion
Carvedilol and PVP were taken in ratio of Table II and dissolved in mixture of methanol and acetone 1:1 (v/v%) ratio. This solution was stirred at 30 minutes and prepared by SD using a spray-dryer (Spray Dryer SD-1000, Eyela, Tokyo, Japan). The condition of spray-dryer listed on Table I . The prepared powder was stored in desiccator until further use.
Inclusion efficiency
The SD was dissolved in 20 mL methanol and then extracted sample was filtered by 0.45 µm PTFE filter (Tokyo Roshi Kaisha, Ltd., Tokyo, Japan) and measured by HPLC at 240 nm with a UV detector. The inclusion efficiency was defined as the ratio of actual and original amount of carvedilol in SD. The calculation equation is followed Eom et al., 2010) .
Inclusion efficiency (%) =
×100
Solubility measurements of carvedilol An excess amount of carvedilol was added to 10ml of aqueous solutions having 1 mg of PVP K-17, PVP K-25 or PVP K-30. The samples were stirred for 48 h at room temperature. Subsequently, the suspensions were filtered through 0.45 µm Actual amount of drug in SD Theoretical amount of drug in SD PTFE filter (Tokyo Roshi Kaisha, Ltd., Tokyo, Japan) and the diluted solutions were analyzed by using HPLC at 240 nm with UV detector.
Morphological observation of solid dispersion using scanning electron microscopy (SEM)
The particles of SD were analyzed by SEM. The samples were then sputter-coated with Pt for 10 min at 30 mA. SEM was taken by using a LV-SEM (S-3000N, Hitachi, Tokyo, Japan).
Crystallinity studies by X-ray diffraction and Differential scanning calorimetry (DSC) XRD patterns were recorded on a MAX 2500 X-ray diffractometer (Rigaku, Tokyo, Japan). The pattern range is 5~40 
Investigation of chemical structures by fourier transform infrared spectroscopy (FT-IR)
Infrared spectra were recorded on a spectrum GX (Perkin Elmer, Waltham, Massachusetts, USA). A spectra range is 400~4000 cm -1
. A KBr disc method was used with 1% (w/w) sample loading.
Dissolution studies
Dissolution studies were performed with capsule containing 60 mg SDs in 900 mL of simulated gastric juice (pH 1.2) with paddle stirring at a speed of 50 rpm at 37±0.5 o C. The dissolution test was used to DST-610 (Labfine Sci Instr, Korea). The release of carvedilol was measured by withdrawing samples at regular intervals and filtered through a pore size 0.45 µm membrane filter (Tokyo Roshi Kaisha, Ltd, Japan). The samples with drawn were replaced with fresh medium maintained at the same temperature.
HPLC analysis
The chromatographic analyses were performed on HPLC system consisting of an NS-4000 HPLC system (Futecs, Daejeon, Korea) linked to an NS-6000 Autosampler (Futecs, Daejeon, Korea). The mobile phase was 650 ml DW with KH 2 PO 4 1.77 g, adjustment to pH 2.0 with phosphoric acid, and mixing with acetonitrile to a 50:50 (v/v%) ratio. The mobile phase was used after removal of residual gas by ultrasonication. Carvedilol was detected by absorbance at 240 nm, and confirmed using Intersil OSD-3 C 18 (4.6150 mm, 5 µm, GL Science Inc, Torrance, California, USA). Each injection amount was set to 20 µL and the flow rate at 1.5 mL/min.
Results and Discussion
Preparation of solid dispersion and inclusion efficiency Table II listed that the formulation of carvedilol SD and included efficiency of drug in SD. The inclusion efficiency of drug in SD was changed by polymer ratio in SD. According to increasing polymer ratio in SD, inclusion efficiency was increased. These results were caused by polymers that were decomposed by high temperature and pressure in spray-drying process when SD has lower polymer content ratio Ohya et al., 1993; Lee et al., 2008) .
. On the other hand, increasing polymer content ratio in SD showed high inclusion efficiency because of their effectively interaction between drug and polymer Chung et al., 2001) . Figure 2 shows the solubility of carvedilol on the equally 1 % concentration of PVP K-17, K-25 and K-30 in distilled water (DW) at room temperature. The solubility of carvedilol in polymer solution was higher than solubility of carvedilol in DW. The result suggested that PVP increased the solubility of carvedilol. In addition, the increase in solubility of carvedilol by PVP may probably be due to the formation of soluble complexes between water-soluble polymeric carrier and poorly soluble drug. Thus, PVP was selected for formulation of SDs because of its better solubility of carvedilol in its aqueous solution. J. Pharm. Invest., Vol. 41, No. 3 (2011) Morphology observation of solid dispersion SEM photographs of pure carvedilol, PVP and SD samples were taken to study their morphology ( Figure 3) . As shown in Figure 3 , the particle size of PVP was larger than that of SD, all of SDs showed sphere form and were almost equaled in particle size. These results suggested that the sphere form was made by the process of spray-drying in high temperature and pressure or interaction between drug and polymer.
Solubility studies
Crystalline studies by XRD and DSC The XRD of the carvedilol, PVP and the SD are showed in Figure 4 . Characteristic peaks of carvedilol displayed a broad range. As a result, it confirmed that carvedilol was crystalline drug. However, the characteristic peak of carvedilol was not showed in SD. This results suggested that crystallinity of carvedilol was changed. Figure 5 showed DSC analysis of carvedilol, PVP and SD. The DSC curve of carvedilol showed a melting point peak at 120 o C. On the other hand, melting point peak was not showed in SD. It was confirmed that crystallinity of carvedilol changed to the amorphous state as the results of XRD analysis. The reduced crystallinity of the drug could be one of the mechanisms responsible for improved dissolution.
In the results of DSC and XRD analysis, carvedilol was crystallinity drug. However, prepared SD did not showed original crystallinity and melting point peak of carvedilol in DSC and XRD analysis. Thus, carvedilol in SD was might be in an amorphous state in the SD because of high temperature and pressure in spray-drying process (Dahlberg et al., 2010) . J. Pharm. Invest., Vol. 41, No. 3 (2011) Investigation of chemical structures Figure 6 shows the results of FT-IR analysis that was to confirm the changed chemical structure due to interaction with both carvedilols. Carvedilol showed characteristic peaks between 3,300 and 3,500 cm -1 (N-H stretching vibration peaks of amine group) and PVP showed characteristic peaks between 1,500 and 1,700 cm -1 (C=O stretching vibration peaks of carbonyl group) in all SD. When it was compared the analyzed results of FT-IR of SD with the analyzed results of carvedilol, PVP, N-H stretching vibration peaks of carvedilol was disappeard and C=O stretching vibration peaks of PVP was increased markedly. This results were suggest that the hydrogen bond of carvedilol and PVP. Figure 7 shows the dissolution profiles of pure drug and various SD formulations. As shown in Figure 7 , all SD formulations achieved higher dissolution rate than pure drug. The SD of carvedilol with PVP K-17 in the weight ratio of 1:1 showed approximately 90 % dissolution rate. However, the SD of carvedilol with PVP K-25 or K-30 in the weight ratio of 1:1 showed approximately 68 % and 48 % dissolution rate respectively. The SDs of carvedilol with PVP in the weight ratio of 1:3 showed 100% dissolution rate in all. These datas were in conformity with solubility data. Moreover, the fast dissolution behavior of the SD may be due to the amorphous state of carvedilol in SD. Also the initial dissolution behavior was difference among the SDs of carvedilol with PVP in the weight ratio of 1:3. These results suggested that the relatively high molecular weight of PVP K-25, K-30 had an effect on release property of carvedilol in SD and the viscosity of the polymer delayed the initial dissolution rate of SD.
Dissolution studies
Conclusions
In this study, SD was prepared by using spray-drying method to enhance the dissolution rate of carvedilol and to investigate the molecular weight effect of PVP. This study has demonstrated that molecular weight of PVP has an effect on the J. Pharm. Invest., Vol. 41, No. 3 (2011) release property of carvedilol. It means that the polymer chain length according to the molecular weight has affected solubility of drug in the SD. Furthermore, the dissolution rate was dramatically higher than that of pure carvedilol due to the crystallinity of carvedilol in SD was changed to amorphous form.
Based on the results, SD has great potential for possibility of pharmacological oral dosage form because it has controlled release behavior of carvedilol in this system. Furthermore, we observed that the transformation of carvedilol form from the crystalline to amorphous state and it remarkably improved the dissolution rate.
